The cerebral cortex folding in humans allow that an extensive area of cerebral cortex fit into the limited space of the skull. The factors that guide this folding are complex and its final result leads to sulci and gyrus patterns in adult brain. These patterns, depending on the region of cerebral cortex analyzed, can have or not a high degree of variability 1 . There are some evidence that factors guiding the cerebral cortex folding starts in the beginning of cerebral morphogenesis. First, in a coronal brain slice, we can see that sulcus in the inferior and lateral surface of the brain are oriented toward the ventricular cavity and sulcus in the medial surface are oriented parallel to corpus callosum fibers. (In cases of total corpus callosum agenesis, the sulcus in the medial surface seems to be ventricular-guided too). Second, neurons sends axons across the corpus callosum even before the neuron migration process end 2 , and this neuronal projection affect the final brain morphology 3 . Based on these observations, we can suppose that the final brain morphology depends on neuronal migration, axonal connection and probably others factors.
psychiatric disorders 5 . We know that a high degree of variability exists in the folding of the orbitofrontal cortex in humans, but it is important to classify the distinct patterns of sulci and gyrus in this region.
Considering these points, Chiavaras and Petrides 6 studied it based on magnetic resonance images of human brain, and analyses of monkey brain surface. They proposed to divide the orbitofrontal cortex variation into three patterns according to the orbital sulcus visual appearance. In 2010, Charikova et al. 7 refined Chiavaras' classification system adding an undescribed pattern, based also on magnetic resonance images.
Regardless of the clinical importance of the orbitofrontal cortex, as far as we know there is not yet an anatomical study comparing and characterize this surface in human brain.
Therefore, we analyze the human brain orbitofrontal cortex in the neuroanatomy laboratory of Universidade Federal de São Paulo.
METhOd
We analyze eighty four human hemispheres, coming from neuroanatomy laboratory of Federal University of Sao Paulo. All of them were fixed in a 10% formalin solution. We remove the arachnoid membranes and dissect the orbitofrontal surface of frontal lobe of each one using a surgical microscope (KAPS model SOM 82, Germany). After that, we fill a detailed protocol for each hemisphere (the same person has analyzed all the hemispheres). Then we chose four hemispheres (one of each pattern) and dissect them according to Klinger' technique 8 aiming to expose the subcortical white matter of the orbitofrontal cortex. The focus was to study the sulci and gyrus of the orbitofrontal cortex, the main configuration of this region and the white matter adjacent to the orbitofrontal cortex. We have done a review of the literature related with orbitofrontal cortex anatomy as well.
RESUlTS
We found, in all hemispheres analyzed, five main sulcus: olfatory sulcus, orbital medial sulcus, orbital lateral sulcus, orbital transverse sulcus and orbital intermediate sulcus. The medial and lateral orbital sulcus can be divided into anterior and posterior portions taking into consideration its connection with the transverse sulcus. These sulcus delimit the orbital gyrus. The anterior orbital gyrus is situated anterior to the transverse sulcus and between the anterior portions of the lateral and medial orbital sulcus. The medial orbital gyrus is situated medial to the medial orbital sulcus and lateral to the olfatory sulcus. The lateral orbital gyrus is situated lateral to the lateral orbital sulcus and join the pars orbitalis of the inferior frontal gyrus. The posterior orbital gyrus is situated posterior to the transverse orbital sulcus ( Figure 1 ).
The olfatory sulcus, the most medial of the orbitofrontal sulcus, accommodate the olfatory tract and the olfatory vein. Its posterior end in all the hemispheres studied is the olfatory trigone and its anterior end can bend medially (28/84), bend laterally (20/84), touch the division between orbitofrontal surface and medial surface of frontal lobe (27/84) or go beyond achieving the medial surface of frontal lobe (9/84). The posterior end of olfatory sulcus, after touch the olfatory trigone, can bend laterally in a hook-like shape (20/84) and hence can merge with an orbital sulcus (in the brains that we have studied, among 20 hook-like shape ending of olfatory sulcus, only 8 merge exclusively with the posterior medial orbital sulcus). The intermediate sulcus, a deep longitudinal-oriented sulcus between the anterior portions of the medial and lateral orbital sulcus, were found in all hemispheres and usually takes a form of the greek letter "lambda" (Figure 2) .
The posterior orbital sulcus were found in 59/84 hemispheres, and can be connected with the transverse orbital sulcus or can be an intragyral sulcus contained in the posterior orbital gyrus.
The posterior orbital gyrus, in all of the studied hemispheres, is connected with the transverse insular gyrus (Figure 3) .
We also divided the orbitofrontal cortex general configuration according to Chiavaras' classification modified by Charikova et al. 6, 7 . In this classification, the type I pattern is characterized by a continuous lateral orbital sulcus and a clearly distinct anterior medial and posterior medial orbital sulcus. The type II pattern is the well described "H-pattern", in which the anterior and the posterior portion of the medial and lateral orbital sulcus are connected. In the type III pattern, anterior and posterior portions of the both medial and lateral orbital sulcus are separated. The type IV pattern has a continuous medial orbital sulcus and a separated lateral orbital sulcus in anterior and posterior portions ( Figure 4) .
We observed the type I pattern in 35/84 hemispheres, type II pattern in 31/84 hemispheres, type III pattern in 15/84 hemispheres and the type IV patter in 3/84 hemispheres. Taking into consideration the hemisphere side, 41/84 were right-sided hemispheres. Among these right-sided hemispheres, 18/41 were type I pattern; 17/41 were type II pattern; 5/41 were type III pattern and 1/41 were type IV pattern. In the left-sided hemispheres, 17/43 were type I pattern; 14/43 were type II pattern; 10/43 were type III pattern and 2/43 were type IV pattern.
We also expose the subcortical white matter of each pattern of hemisphere to show the short association cortical U fibers (Figures 5 and 6 ). It provides a better visualization of the real sulcal and gyrus conformation of this region.
diSCUSSiOn
The main objective of this study is to characterize, by dissecting using the surgical microscope, the orbitofrontal surface according to its sulcal and gyrus anatomy. This sort of anatomical characterization is quite important to a real knowledge of the orbital part of frontal lobe. Instead, none detail anatomical description of orbitofrontal cortex have been found in our research.
There already are many studies that classify the orbitofrontal sulcus and gyrus based on magnetic resonance images and our results were very similar to theirs results 6, 7, 9, 10, 11 . For instance, Chiavaras and Petrides (2000) The fact that our results were similar to previews radiological studies 6,7,9,10,11 aggregate evidence in the anatomical characterization of the orbitofrontal cortex, as there are two different methods to investigate the same issue with similar results.
In our study, unfortunately we could not find past information, including medical history, genre and age, about the hemispheres analyzed. And, the postmortem human brain fixation method can change the morphology of the hemispheres. This fact can compromised the reliability of precise measurements of sulcus and gyrus characteristics. Therefore, we described our findings in general anatomic language and patterns that are not affect by fixation method.
The presence, in 100% of the studied hemispheres, of a communication between the posterior orbital gyrus and the transverse insular gyrus, can be an important functional pathway linking the orbitofrontal cortex with the insula lobe 
